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MEMORANDUM ¥OR: Chief, Technical Plans & Development Staff
SUBJEST: "Flight Recorders” for the OXCART Program

& The following flight parameters are necessary £or mensuration
acconpliched on photography from any photo collection system,

Iongituﬂe
Altitude

{(2) Flements of ariemtion of camera: Piteh
Roll
Yaw {arift and heading)

In eddition; relative time, 2 time and vehicle véiocity are reguired.

‘. The sbove dnta are required £or any mensurstion and ave
availsble preséntly by sceveral techoiques.

(1) Ascumptions end educated guestes ere sometimes resorted
to by necessity. For example, often work accomplished on photogra«
phy Nas to be dohe with assumed velues for piteh, roll and yowr
because of the lack of any flight data or techndques for rapidly
computing the required data. These assumsd valuss are generaily
spprovimte ard do not allow for high precision mensuration.

_ -(2) ~InGivect methods are available for determining the re-
quired flight parameters. These inclnfe teckmiques such as
space resection vhereby ground éontrol can be used to determine
exposure statitns in epace, but this method is dependent upon
some form of geamtrie or tims correlation and these elements
are in most cases lacking.

{3) The nowest method of determining £light parameters has
evolved from some of the latest alvances in insrtiel navigation
systens for missiles, rockets anf polardis submarines, etc. 'These
inertial navigation systems provide s new capobility in de-

termining space position and orientation, inclufing time and
veloeity.
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2. ASSUMBTIONS

&, That miseionis will be ac¢copliched for highest priority
targets réquiring technical intelligence and, therefors; high
préecision mensuration. It 1s believed that ploncer snd firat
coversge reconnalscance missions will be at o minimum and that
even in these miesions, targets found will require tecimical
iutelligonce exploitation requiring high precision {n menmuration
end rectification.

b, That some of the flight mranatera can be determined by
graphical of indirect méthods bt thege methods gsnerelly cannot
provide the dagraee of accuracy required for technicel intelligence.

¢, %hat the indicated methodes for determiniing fiight pavameters
are not cufficient in themselves because of the lack of good maps,
ground control; ete,, but are uséful ouly ai chécksd to the others
vige determined fl{ght paramoters.

d: That no other method is availible to determine the res
quired flight parameters other then the dsta from an inertiad
novigation aystem contimicusly recording the regquired outputs.

e, That providing the dutput of the inertisl navigation systen

on magnetic tepe 46 a | better tethnique than providing the game

dixta in & 8etu charber, Bedause the mghetic tepe provides a

faster readout; allows for realstime computer operation and actual
- ._Grientetion of the Perktin<Elmer catwrs platform. {(The P-P cazers

plstform 1s gyro ctabilized but actual orientation ia umimown.)

In addition, the present data chanbers 4o not provide & complete

recording of-data required which ic available in fvertial navie

£, That a rea.l-‘bim corpatary systen will be availeble gt NPIC.
The Remington Ranf LOO system is meheduled fop delivery iu Qctober,

&+ That the OXCART aireraft can accommolate £flight recorder
units required to provide the necegsary flight parameters. Gpace
ie aveilable and the added weight can be justified by the rs-
quirement for fiight recorders.

3.

a. Inertial navigation systerns bave been developefl on a crash
basis to meet the neefis of space age systems (ndesiles, rockets;
aireraft, submarines, ete.) The concepts have been knowm and
vorked on for years but it remeined for the impstus and financial
backing of spate age requirements to rush & develophent of equipsent
and the establichment of techniques to an Operational state of”
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rendinéss. Original work by Schuler in Germany in the 19205 wae
instrumental in the development of intrtial systems. These tnertial
systems provide o technigue for entomtic navigation and, in
afidition t6 the space position, time reference, orientation of
vehicle platform can be read cut. Inertial systems will, in all
probadbility, bhe carried on all future cartographic and reconinalisance
gystems. OGreat possibilities also exigt for conbinction stellapys
inertisl aystoris for use in near &arth orbital fiights as well as
space flights in general.

b. At the came time &evelopment has béen progressing in inertial
navigation systems, development has aleo been progressing in core
puters; for exnmpls, & small digital computer is &n integral part
of sn inertisl navigation system and avother development area in
conputers 4s the fdevelopment of real<timé aystems such as the one
being developed for use in NPIC (the Remington Rand L90 realetime
compiter system): A flight recorder which profuces Tlight pa«
ramrters on magnetic tape end 4a8, therefore, inmmedtstely availsble
at the conclusion of the mission for xeadout will make possible & |
real-tims computing system at NPIC., If some of the flight paramsters
wore xvallable 4in the édata chanber, this informtion would not be
availoble at NPIC until such tim: as the film was procesced and a
PP or DN was sent to RPIC, A delay would result in éxtracting
flight parameters from the data chamber, punching cards and storing
this data in the 490 eomputer. [he magnetic tape from the flight
recorder ¢an be lonpded into the computer Airectly and provides a
capnbility of molding highly acourate peasurerents during the OAK

anﬂ lﬁi, in cantrast to the current teclm:lques of basing most of

T1ight recerdzr data would also provide a capebility for atrbomtic
migsion dndexing. $his phots infexing profuced Yy a computer prior
to the time that £ilm 46 evailable at NPIC might possidbly de better
than the photo index producing dy hand plotting heeause of the
ingeeuracies of mips currently avallsble,

in vhich the flight paramsters can be stored inthe computer. Pro-
sent methods on KH cell for o scribing operation on cach horizon
£hot, mibgequent mansuration of horivon images, computer refustion
and electronic plotter output, etc. This ip a very time consuming =
operation and the accwracies resulting from the horison reduction
procedures are hot of a high order of atcuracy. Other techniques
ehortly to be avallable for the determinntion of vehicle orien-
tation are stéllar techniques vhereby e photographic exposure of

a stellar field with known position and time providss sufficient
data to compute very precise orientation of the vehicle, but this
system again, though it produces very accurate results, is a vexy
time conaunﬂng method,

¢. A big elvantege of a flight xecorder would be the speed K
Q

-
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4. Io eddition to suvings in time and ixprovemsnt 4in accuracy,
snother savings effected by the incorporation of fiight recorders
in the OXCANT program would be s sevings in wen power. %he present
MMWW%MWWMHMGﬁmm@m
ﬂim parvameters required for mensuration. These are eccomplishad
gnphic tetimiques, space ressction technigues, horizon re@uction
£; ete., with less tiws availadle for cctual meusuration.
'mmmmmrwmamsmm eavings in men power
regitiremsnta,

¢, fom: of the thtamproﬂdcdmmﬂabh in »mo
cthsr vay unless some form of ground control is availabls. ¥For
exsrple, relative position between (wo exposure stations is reguired
for "two photo epace interssction” technmiques vhich will be used
with the OMI HIU/ZB i computer. The air bage that can de entadlished
Irom 8Ost mapp &vallsble is useless, but the Flight recordss would
provide ussful date.

£, The flight paramsters of vehicle valseity, weliicle nltitu&e,
and the V/H signad have bsen discusssd with the Computer Branch
&nf TAB in saze detail. These three paramsters might possidbly not
be able to be providadin the accuracies stated in the Minneapolis-
Boneywell proposal. It is delieved Lhat if such 3 the case, these
data are still required because soms ground control is alveys avatlas
ble and stntinticai smocthing techniques available with the néw
Rendngton Rend L9O computer system will provide s capadility of up-
grading the actiracies of these paramsters.

g. 'The Rastomn Kodek camsra system requires 8 flight srecorder
unlegs changes are Wide in ihe systam presently being fabricated.

L. comTmtoNs

A requirement exiets for s flight recorder to be install
eash OXCART gircraft used Ior san operational mission. 'mis ﬂi@t
recorder and associated reaflout egquipment cen be Jesigned and
fabricated by Hinneapolis-Honeywsll, who ere the manufacturers of
the insrtial navigation system used in the atrcrart.

5. ACTIONS RECOMMENTIED

&. To accspt the Minneapolis=Honeywell proposal of 12 Jetuary, .
as stated, and to transfer funds in the amount of $222,837 to DFD i
immedistely with the request that Phage I of the proposal be P“'
inftiated andl contracted for with Mirmeapolis<Honeywall, Phasge I
intlundes the following: depign, customer lisison; fabrication, tests,
veports, profuct liaison and includes two data recorders ami two
playvack units., Total cm, $206, 331 plus $15,560 and a total
engineepring cost of $222,837
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Y. Tt is further resorrenied that Phase 1T of ths pﬂlmm
be kept open utitil such time as the exact mmber of flight resorders
nasded o determined; for exaxple, if eight flight recordsy unita
were teguired, the wntt price for esch recorder would be $47,000.

For ten units $45,236 end for 12 untts ik, $50.

&. It is vecommnlisd that the TDC eyprove this trensfer of
Funde to DPD for the design, fedrication end incorporation of these
fiigut vecorders into the OXUARD progras. This new concept of
liait Tecorders Had not besh playmad for the DPD dulgst for the
original funiing end, thersfore, 4t his bdeen requsstsd that MPIC,
1s & m@irmt for such eéquijment existed, would fund this

4. Tt is pecessary that this action be taken as soon as possible
if ita incorporation in the Fiyst OXCART vehicls 18 to be insared.
Digcusaions in depth have been bald with Nessrs.

| of IFD régarding the development oF
inflight recordars. reconmsnda funding thia davelopment,
continuous lletson bumﬂ NPIC, IFD, Eastifan Xodak, mm-mmr

and Mintespolis-Honsywell will be reqiired,

i
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